.
Let the rank of 8 -le& be n r. Then -the equation where Bl is hermitian and of order n -r. It follows that X'(8 -XA) X (8 -X;A) $ =0 has r independent solutions, say $i, , $, . These solutions can be so chosen" that they also satisfy the orthonormality relations 81-)I $, 'A$;= 5;;.
By selecting arbitrarily n -r additional vectors, say &,+i, , &", so that the entire set of n vectors is orthonormal in the sense of (2), one obtains a non-singular matrix X= [pi, -, $ ] such that X'AX=I. In view of this relation and the fact that the first r columns of X satisfy (1), the matrix X'BX has the form 'This device has been used by other authors to prove similar theorems. See, for example, P. R. Halmos, "Finite dimensional vector spaces, " AnnaIs of mathematics Studies {Princeton University Press, Princeton, 1942) , No. 7, Since the roots of the equation~X'(8 le)X~= -0 are the same as the roots of the secular equation and, in view of (3), li, is a root of the equatioñ X'(8 -L4)X~= 0 of multiplicity r at least, it follows that r cannot exceed the multiplicity k of the root X; for the secular equation. But if r is less than k then ); is necessarily a root of the equation~Bi -XI~=0. This is impossible since the rank of X'(8 -X;A)X is equal to the rank of 8 -X;A, which is n -r by assumption, and by (3) the rank of X'(8 -X;A)X is also equal to the rank of Bi X;I, which -is less than n r if~B i -X;I~= -0.
It follows that r=k and the rank of 8 -);A is n -k as asserted. PH (pal -(6) where the positive sign is taken to indicate expansion and c and G are the velocity of light and the gravitational constant, respectively. Equation (6) can be integrated and the result given in the form In Eqs. (7) and (8) sec. '. The constants appearing in Eqs. (7) and (8) involve the present densities of matter and radiation. Clearly, in utilizing Eqs. (7) or (8) For purposes of computation it is convenient to employ an approximate form for Eq. (7) which is valid for early t, i.e. , when
The expansion of Eq. (7) which satisfies the above inequality is
The validity of Eqs. (7) or (10) In order to clarify the difficulties associated with the singularity at t=0, we digress here for an examination of the equations employed to describe the formation of the elements. These equations, recently given by the authors, ' include neutron decay and universal expansion but do not take into account the effects of nuclear evaporation or any processes other than radiative capture of neutrons.
In terms of concentrations by weight, x, m, n, /p", = rather than particle concentrations, n, , Eqs. (6) - (8) of reference 7 may be written as In what follows we continue the discussion of the physical conditions employed in the solutions of the relativistic energy equation. The mean density of matter in the universe at the present time has been determined by Hubble" to be T = P(32+Ga)/(3c') ] -lt -l'K =1.52)&10'ot-'*'K.
(13a) The density of radiation, p", may be found from p"= (a/c') T4, or expansion alone. However, the thermal energy resulting from the nuclear energy production in stars would increase this value.
Since we have p, ))p~at early time the energy relation given in Eq. (6) As discussed elsewhere, " the temperature during the element-forming process must have been of the order of 10' -10'"K. This temperature is limited, on the one hand, by photo-disintegration and thermal dissociation of nuclei and, on the other hand, by the lack of evidence in the relative abundance data for resonance capture of neutrons.
For purposes of simplicity we have chosen p"-1 g/cm', (12c) which corresponds to T=0.6X10"K at the time when the neutron capture process became important.
In accordance with Eq. (4), the specification of p ", p, and p" fixes the present density of radiation, p"". In fact, we find that the value of p"" collsis'tellt with Eq. (4) 
p, "-10 "g/cm'.
The value obtained for p, " in this case corresponds to a present mean temperature of about 1'K. The constants A and 8 are found to be 1 g and 10' g cm, respectively. In Fig. 2 changes, the manner of change does depend on the existing density conditions. The universal expansion rate is the reciprocal of the age of the universe if measured during the period of free expansion.
IV. THE FORMATION OF GALAXIES
In his discussion of the evolution of the universe, Gamow' suggested that galactic formation occurred at the time when the densities of matter and radiation were equal. He assumes that the Jeans' criterion of gravitational instability may be applied at this time and as a consequence derives expressions for the galactic diameter and mass. " We have carried out calculations' based on Gamow's formulation using the corrected expressions for D and 3f
given in footnote 13. We find that p"=p"when $, -0.86&(10" sec. , which is greater than the age of the universe. This arises out of the fact that, in addition to the dif6culties with density determinations mentioned earlier, there is involved an extra-"Using the corrected form of n described in footnote 12, we find for the galactic diameter, D, and mass, M; the following corrected expressions according to Gamow's The applicability of Jeans' criterion of gravitational instability to this situation must be seriously questioned since it does not contain the possible eRects of universal expansion, radiation, relativity, and low matter density. However, it seems reasonable to attach some significance to the time at which radiation and matter densities are equal, because beyond this time the expansion is free and it would become increasingly difhcult to form condensations. " It should be mentioned that Lifshitz"'has considered the problem of gravitational instability associated with infinitesimal perturbations of an arbitrary nature in a general relativistic expanding universe and has found that the system is stable and the perturbations do not grow. Until such time as a physically satisfactory criterion for the formation of galaxies is found, it does not appear to be profitable to delve further into such questions as the variation in galactic mass and size with time of formation.
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In this paper it is shown that if galaxies were formed during a period of free expansion then Gp~L(4x/3) (D/2)')/(D/2)~(H'/2) (D/2)' where H is Hubble's expansion rate and D is the diameter of the condensation. This condition sets a lower limit to p, namely p «(3H2/8~G) =0.6&(10~~g/cm' and is satisfied by the density value we obtain for galaxies at the time of formation.
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